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(54) Viscous Shear Clutch Assembly 

(57) An electro-rheologica! fluid is used 
as a transmission fluid between two 
parallel sets of conductive clutch 
plates (6,9) across which a potential 
difference can be applied (1 6.1 8) so 
as to vary the viscous shear 



characteristic of the interjacent fluid. 
Differential arrangements of the clutch 
plates ensure cancellation of residual 
drag effects and the clutch can be 
electrically varied substantially from 
complete disengagement to solid 
engagement. The plates may be 
cylindrical, as shown, or planar. 




The drawing! originally Hlsd were Informal 3rd the print here reproduced is takonfrom a biar filed formal ^opy. 
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SPECIFICATION 

A Viscous Shear Clutch 

This invention relates to a viscous shear clutch 
which 13 variable by electrical means. 
5 Viscous shear clutches are known in which a 
viscous fluid such as a silicone oil is used to 
transmit rotary motion from a drive shaft to a 
driven shaft via suitable coupling members. Such 
clutches rely upon mechanical adjustment of the 

1 0 coupling members to vary the torque transmitted 
by the fluid and suffer from the disadvantage that 
conditions of total disengagement and solid 
engagement are difficult to achieve. This latter 
disadvantage stems from the Newtonian flow 

1 5 properties of the viscous fluid, i.e. the fluid shears 
. at a rate directly proportional to the applied shear 
stress, and consequently no matter how little 
stress is imposed by the coupling members, some 
shearing of the fluid will always occur. 

20 Compositions are known in which the flow 
properties undergo variation when subjected to 
electric fields. These compositions, previously 
called 'electroviscous fluids' but now more 
distinctively known as 'electro-rheological fluids', 

25 comprise slurries of finely divided hydrophilic 
solids in hydrophobic liquids. In th9 absence of an 
electric field these fluids behave in Newtonian 
fashion but, when an electric field is applied the 
fluid behaves approximately as a 'Bingham 

30 Plastic' and no shearing whatsoever takes place 
for si) shear stresses up to a maximum, known as 
The 'yield-point', the value of which depends upon 
the composition of the fluid and the electric field 
applied. For a given fluid, the yield-point is 

35 normally linearly dependent upon the voltage 
gradient applied above a Threshold lave!, and may 
be defined as k(E — E 0 ) whera E and E 0 are the 
applied and the threshold voltage gradients 
respectively and k is the proportionality constant. 

40 When a shear stress greater than the yield-point 
is applied to the fluid, shearing occurs at a rete 
proportional to the difference between the yield- 
point 8nd the stress. 

The advantage of electrical control that can be 

45 achieved by using an electro-rheological fluid in a 
viscous shear clutch was first disclosed by W. M. 
Winslow in his U.S. Patent no, 241 7850, in which 
he described a simple disc type clutch In which 
the discs were separated by electro-rheological 

50 fluid. This type of clutch is capable of being locked 
into substantially solid engagement for stresses 
below the yield-point when an appropriate 
voltage is applied between the discs but, lika all 
other viscous shear clutches, the natural viscosity 

55 of the fluid, even when all applied voltage is 
removed, still prevents total disengagement. 

The present invention seeks to apply the flow 
properties of an electro-rheological fluid to a 
viscous shear clutch so as to provide an 

50 electrically controllable clutch having a 

transmission rang9 which more fully extends from 
complete disengagement to solid engagement. 

In accordance with the present invention a 
viscous shear clutch includes an input shaft, at 



65 least two input pluralities of electrically 

conductive interconnected drive plates rotatable 
by the Input shaft, at least two output pluralities 
of electrically conductive interconnected driven 
plates, the driven plates of each being alternately 
70 confronted with the drive plates of a respective 
one of the input pluralities so as to define evenly 
spaced interstices, an output shaft rotatable by 
the output pluralities, electrical connecting means 
to each plurality of drive plates and driven plates 
75 for the application of control voltages, and an 
electro-rheological fluid disposed throughout the 
interstices. 

In a preferred arrangement permitting 
differential cancellation of inherent viscous drag 
. 80 ■ effects to be made/the two input pluralities may, 
in a first aspect, both be rotatable in the same 
direction by the input shaft, the output shaft being 
rotatable differentially by the torques imparted to 
the two output pluralities. 
.85 Alternatively, in a second aspect of the 

perferred arrangement the two input pluralities 
may be contra-rotatable by the inout shaft, the 
output shaft being rotatable conjointly by the 
torques imparted to the two output pluralities. 
90 The drive plates and the driven plates may all 
conveniently be of cylindrical form disposed 
concentrically to rotate about their mutual axis. 
.Alternatively they may alt be disc shaped and 
disposed in parallel array to rotate about a 
95 common perpendicular axis through their centres. 
Embodiments of the invention will now be 
described by way of example only with reference 
to the accompanying drawings of which Figure 1 
is a diagramatic representation of a twin cylinder 
TOO electro-rheological fluid clutch having cylindrical 
plates. Figure 2 is a diagramatic representation of 
an alternative flat-plate assembty for use In place 
of each cylindrical plate assembly of the clutch 
' illustrated in Figure 1 , Figure 3 is an axially 
1 05 sectioned view of a fully enclosed cylindrical plate 
electro-rheological fluid clutch having separately 
rotatable drive plate assemblies and mutually 
rotatable driven plate assemblies. 

Figure 4 is an axialry sectioned view of a fully 
1 1 0 enclosed flat-plate electro-rheological fluid clutch, 
having mutually rotatable drive plate assemblies 
and separately rotatable driven plate assemblies. 
Figure 5 is a diagramatic representation of an 
alternative driven plata for use with the clutch 
1 1 5 Illustrated in Figure 4 having three independently 
controllable output shafts of limited angular 
movement, and 

■ Figure 6 is a diagramntic representation of a 
variant of the flat-plata clutch illustrated in Figure 

120 4 having external gearing. 

The clutch illustrated in Figure 1 embodies the 
first aspect of the preferred arrangement and 
comprises an input shaft 1 carrying a gear 2 
which is engaged with two opposed gears 3 and 

125 4. The gears 3 and 4 are respectively attached to 
twin cylinders 5 each comprising a cylindrical 
drive plate 6 of electrically conductive material 
having a coaxlally attached inner cylindrical drive 
plate 7 of electrically conductive material and a 
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sealed bearing 8 coaxially located at The end 
ramote from the gears 3 and 4. 

A cylindrical driven plate 9 also of electrically 
conductive material and having internally 
5 protruding, non conductive alignment studs 1 0 is 
coaxially located interjacent the drive plates 6 and 
7. Coaxially attached to the plate 9 is a shaft 1 1 
which extends through the sealed bearing 8. 
The spaces between the drive plates 6 and 7 

1 C and the driven plates 9 are completely filled with 
an electro-rheological fluid 1 2. One suitable fluid 
is a suspension of 30% by volume of lithium 
polymethacrylate in chlorinated biphenyl, as 
described in British Patent No. 1 570234 and 

1 5 having a no-field viscosity of 30° C of about 1 0O 
mPa.s, a k value of about 2 Pa.mm/v* and a 
threshold value E 0 of about 0.9 kV/mm. 

The two shafts 1 1 carry inter-engaged, 
electrically non-conductive gears 1 3 and 14 

20 respectively beyond which, one of the shafts is 
extended to provide an output shaft 15. 

Electrical connections 1 6 and 1 7 are made 
separately to the two driven plates 9 and an 
electrical connection 1 3 13 made to the two drive 

25 plat9S 6 mutually such that a control voltage from 
a voltage source 19 can be applied between 
either one cf the two driven plates and its 
respective drive plate so as to increase the shear 
resistance of the interjacent fluid 12. 

30 In operation, when the input shaft 1 is rotated, 
both the gears 3 and 4 rotate in the direction in 
opposition to the direction of the gear 2. If the 
flow properties of the fluid 1 2 are identical in both 
cylinders 5, as will be the case when zero or equal 

35 voltages are applied across their respective 
plates, the torque transmitted from' the drive 
plates to the gears 1 3 and 1 4 via the fluid 1 2, the 
driven plates 9 and the shafts 1 1 . are of equal 
amplitude and direction and the gears are 

40 consequently held in balanced opposition at their 
engaged interface 20, with the result that no net 
rotation of the output shaft 1 5 takes place. 

When the flow properties of the fluid in the 
twin cylinders 5 are varied differentially by the 

45 application of a control voltage to the plates of 
one or other of the pair, the output shaft 1 5 will 
rotate at a speed and in a direction directly 
dependent upon the differential torque 
transmitted to the two gears 13 and 14 

50 respectively. The shear resistance of the electro- 
rheological fluid 1 2 in either one of the. cylinders 
can be continuously increased by increasing the 
control voltage until the plates become solidly 
locked together, thus providing a highly efficient 

55 transmission coupling with minimum heat 
generation In the locked cylinder. The plates of 
the other, disengaged cylinder will of course then 
be rotating relatively at twice the speed of the 
input shaft 1 and heat will be generated in this 

50 cylinder by the viscous drag between the plates. . 
. However, the twin cylinder arrangement ensures 
that heat generated in the disengaged cylinder is 
not transferred to the engaged cylinder where it 
could increase adversely the electrical power 

65 required to maintain the locked condition. Clearly, 



the gears 1 4 and 4 can be arranged to be 
disengageable by external means (not shown) 
from the gears 1 3 and 2 respectively during 
periods when the cylinder 5 driving the gear 1 3 is 

70 solidly engaged, in order to minimise heat 
generation in the other cylinder. 

The cylindrical form of the drive and driven 
plates provides a high surface to volume ratio 
enabling heat to be readily dissipated and. by 

75 making the radius of the cylinders small in 

comparison with their length, the shearing speed 
.in the fluid can be kept as low as possible so as to 
minimise heating effects. For simplicity of 
presentation, the number of interfaced cylindrical 

80 plates illustrated in Figure 1 has been kept to a 
minimum^ but obviously a larger number can be 
employed. 

An alternative arrangement of drive and driven 
plates for use in place of the cylindrical plates in 
85 the cylinder 5 of the preceding embodiment is 
. illustrated in Figure 2. In this arrangement a stack 
of parallel annular drive plates 31 axially 
separated by annular spacers 32, all of electrically 
conductive material, is mounted upon the gear 3 
90 (or 4) and enclosed by an end cover 33 containing 
an axial sealed bearing 34. A corresponding stack 
of driven plates 35 supported upon a splined shaft 
36 is interleaved with the drive plate stack so that 
the plates 31 and 35 are alternately disposed. The 
95 shaft 36 extends through the bearing 34 where it > 
replaces the shaft 1 1 of the previous 
embodiment. The spaces between the drive and 
driven plates are again filled with the electro- 
rheological fluid 12 and electrical connections 
1 00 (not shown) are mads to the drive plaie stack and 
. the driven plate stack so that a voltage may be 
applied between them. Operation is exactly as 
described for the cylindrical plate form. 
This flat-plate arrangement is simpler to 
1 05 construct than the cylindrical form and has the 
advantage that the inertia effects at the output 
shaft are relatively small. Furthermore the number 
of drive plates and driven plates employed can be 
readily multiplied to provide a larger working eree 
110 so as to increase the absolute torque of the 
clutch. 

A more compact second embodiment of the 
invention in which two sets of cylindrical drive 
plates are mutually rotated about a common axis 
115 is illustrated in Figure 3 and falls within the 
. second aspect of the preferred arrangement. A 
cylindrical housing 40 having a sealed shaft 
bearing 41 at one end, and inner and outer coaxial 
sealed shaft bearings 42 and 43 respectively at 
1 20 the other, is provided internally with two 
diametrically opposed stub axles 44 located 
midway along its length and each carrying an Idler 
• gear 45. 

An input shaft 46 joumalled in the bearing 41 
. 1 25 is attached to concentric drive cylinders 47 and 
48. the cylinder 47 having a toothed end-face 49 
(or gear ring) whichmeshes with the idler gears 
45. 

Similar concentric drive cylinders 50 and 51 
1 30 are opposingly meshed with the idler gears 45 
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and extend into a short hollow shaft 52 which is 
journalled in the outer bearing 43. 

Driven cylinders 53 and 54 concentrically 
interleaved with the drive cylinders 47 and 43. 
5 are attached to one end face of non-conductive 
sheave 55 rotatably located between the opposed 
stub axles 44 and a second similar pair of stub 
axles (not shown) angularly displaced therefrom 
by 90 degrees. Alternatively a set of 3 axles 44 

1 0 and idler gears 45 may be employed spaced at 
1 20 degree intervals. The other end face of the 
sheave 55 supports a second pair of driven 
.cylinders So and 57 which are concentrically 
interleaved with tho drive cylinders 50 and 51 . 

1 5 The driven cylinder 57 Is hollow and extends 
through the inner bearing 42 to connect with an 
output shaft 53 via a non-conductive slaeve 59 
which carries two slip-rings 60 and 61. 
The two sets of driven cylinders 56/57 and 

20 53/54 are electrically connected to the slip-rings 
30 and 61 respectively. A terminal 62 provided 
on the housing has electrical continuity with the 
drive cylinders 47, 48, 50 and 5 1 via the axles 44 
and the idler gears 45. The inter-cylinder spaces 

25 are entirely filled with electro-rheological fluid 63. 
In operation, when the input shaft 46 is 
rotating, the drive cylinders 50 and 5 1 are turned 
by the idler gear3 45 In a direction opposite to 
that at which the drive cylinders 47 and 48 are 

30 bc:ng turned and at the- same speed. The viscous 
drag imposed upon the corresponding two sets of 
driven cylinders is therefore equal and opposite 
provided that the viscosity of the fluid is uniform 
throughout and consequently no net rotation is 

35 imparted to the output shaft 5S. A control voltage 
applied between the tarminal 62 and one or other 
of the slip-rings 50 and 61 increases the shear 
resistance of :he fluid between the respective set 
of drive and driven cylinders ie upper or lower as 

40 drawn, so as to engage that set and rotate the 
output shaft 58 in 3 corresponding forward or 
reverse direction. 

The Idler gear system providing the opposing 
rotation of the upper drive cylinder may 

45" alternatively be replaced by a two-part lay shaft 
system external to the housing (not shown) so as 
to avoid any possible damage to the electro- 
rheological fluid particles resulting from being • 
nipped in the gears. It will be apparent to those 

50 skilled in the art that a directly analogous, 
alternative flat-plate errangement of this 
embodiment, employing annular plates instead of 
cylinders is also possible. 

A third embodiment illustrated In Figure 4 is a 

55 flat-plate clutch in which all the drive plates are 
mutually rotated by the input shaft and the driven 
plates are disposed as two independently 
rotatable sets. This clutch provides a 90 degree 
displacement between the input and output 

60 shafts, and falls within the first aspect of the 
. profaned arrangement. The embodiment 
comprises a cylindrical housing 70 having a 
sealed input shaft bearing 71 in one end wall 72, 
an end bearing 73 in the opposing end wall and a 

65 sealed output shaft bearing 74 radially disposed 



in the cylindrical wall 75. Attached to a hollow 
input shaft 76 journalled in the bearings 71 and 
73 is a non-eiectrically conductive slaeve 77 
supporting two identical conductive sleeves 73 
. 70 and 79 separated axially from one another by a 
non-conductive spacer ring 80. The sleeves 78 
and 79 each bear a stack of four axially spaced 
disc shaped conductive drive plates 81 and 82 
respectively. 

75 Peripherally grooved PTFE spacer rings S3 are 
provided interjacent the drive plates, which rings 
slldeably locate with the respective inner edges of 
two stacks of three annular driven plates 34 and 
85, the outer edges of each set being mutually 

60 attached to gear'rings 86 and 87 respectively. 
These two gear rings are opposingly engaged 
with a gear 88 attached to an output shaft 89 
which is Journalled in the bearing 74. 

A non-conductive collar 90 attached to the 

B5 Input shaft 76 outside the housing carries two 
slip-rings 91 and 92 which are electrically 
connected to the conductive sleeves 78 and 79 
respectively, whereby control voltages may be 
applied to the two stacks of drive plates 8 1 and 

90 82 respectively. A reference terminal 93 provided 
on the housing 70 has electrical continuity with 
both sets of driven plates 34 and 85 via the gear 
rings 86 and S7 . gear 88, shaft 89 bearing 74. 
The housing is filled with electro-rheological 

95 fluid 94 and operation is again similar to that of 
the two previous embodiments. With no control 
voltages applied and the Input shaft 76 rotating, 
equal torques are transmitted from the rotating 
drive plates 8 1 and 82 to the two sets of driven 
1 00 plates 84 and 85 respectively by viscous drag 
between them. These torques oppose one 
another at the gear 88 and no net rotation of the 
output shaft 89 occura. As soon as a control 
voltage is applied between the driven plates 84 
1 05 end 8 S end one or other of tho sets of drive plates 
81 and 82 the balance Is disturbed and a 
rasultsnt torque will be imposed upon the shaft. 
89. 

Clearly, more than one output shaft may be 
1 10 simultaneously driven by the gear rings 86 and 87 
of this embodiment, further gears 88, shefts 89 
and bearings 74 being provided at separate 
locations around the periphery of the rings {not 
shown). 

115 In applications where th9 input and output 
shafts are required to rotate only through limited 
angular deflections of up to plus or minus 20 
degrees, rather, than perform continuous rotation, 
the gear 88 may be replaced by a simple crossbar 

120 (not shown) mounted on the shaft 89 and 

plvotally attached at its two 9nds respectively to 
the rings 86 and 87. The sealed shaft bearing 74 
may then comprise a flexible plug bonded 
between the shaft and the housing. Furthermore, 

1 25 where multiple independently controllable 

outputs of limited angular amplitude are required, 
the rings 86 and 87 and their driven plates 84 
and 85 may be divided into separate sectors a, b 
and c, as illustrated in Figure 5, each co-operating 

1 30 pair of sectors driving its own respective output 
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shaft. Of course in this arrangement the drive 
plates must be made electrically continuous with 
the housing and the driven plates isolated from 
The housing so that individual electrical 
connections can be made to each sector. 

A fourth embodiment also within the first 
aspect of the preferred arrangement is illustrated 
in Figure 6 and is e variant of the flat-plate clutch 
of Figure 4 wherein the gears are located outside 
the housing. As in the clutch of Figure 4 the drive 
plates rotate mutually and the two sets of driven 
plates are separately rotatable. but in this variant 
the edges by which the plates are attached are 
reversed, i.e. the drive plates 8.1 and 82 are inter- 
connected via their outer edges to an input shaft 
99 and the driven plates 85 and 84 are inter- 
connected via their inner edges in two sets 
respectively attached to a hollow shaft 100 and 
an inner shaft 101, which shafts extend through a 
sealed bearing 102 to opposite bevels 103 and 
1 04 of a d'rfferential gear 1 05. The differential 
gear is of standard design and has an output shaft 
106. The two shafts 100 and 101 are preferably 
insulated from one another (not shown) and the 
bevels mads from non-conductive material so 
that the control voltages can be applied to the 
two shafts directly. 

It will be apparent that all of the embodiments 
described are reversible clutches (from input to 
output) but In most applications it is of course 
advisable to select the shaft having the least 
inertia as the output shaft. ■ 



Claims 

1 . A viscous shear clutch including an input 
35 shaft, at least two input pluralities of electrically 

conductive interconnected drive plates rotatable 
by the input shaft at least two output pluralities 
of electrically conductive interconnected driven 
plates, the driven plates of each being alternately 

40 confronted with the drive plates of a respective 
one of the input pluralities so as to define evenly 
spaced interstices, ah output shaft rotatable by 
the output pluralities, electrical connecting means 
to each plurality of drive plates and driven plates. 

45 for the application of control voltages, and an 
electro-rheological fluid disposed throughout the 
interstices. 

2. A viscous shear clutch as claimed in Claim 1 
wherein the drive plates and the driven plates are 

50 of cylindrical form disposed concentrically for 
each confronted pair of input/output pluralities so 
as to rotste about a respective mutual axis. 

3. Aviscous shear clutch as claimed in Claim 1 
wherein the drive plates and the driven plates are 

55 disc-shaped and disposed in parallel array for 
each confronted pair of input'output pluralities so 
as to rotate about a respective mutual axis 
perpendicular to the plates. 

4. A viscous shear clutch as claimed in any of 
60 the preceding Claims wherein tha two input 

pluralities are both arranged to be rotated in the 



same direction by the input shaft, and the output 
shaft is arranged to be rotated differentially by the 
two output pluralities. 

65 5. A viscous shear clutch as claimed in Claim 4 
wherein the input shaft carries a drive gear which 
is oppositely engaged with two Input gears, each 
. coaxially attached to a respective one of the two 
input pluralities and the two output pluralities 

70 each coaxially support a raspective one of two 
interengaged output gears, the output shaft being 
coaxially attached to one of the output pluralities. 

6. A viscous shear clutch as claimed in Claim 4 
as dependent upon Claim 3 wherein the input 

75 shaft is coaxially attached to both input pluralities, 
and the two output pluralities each carry a gear 
ring, the two gear rings being opposingly engaged 
with an output gear coaxially attached to the 
output shaft. 

80 7. A viscous shear clutch as claimed in Claim 6 
wherein the gear rings 3nd the driven plates of 
each output plurality are sub-divided Into 
separate sectors, each gear ring sector being 
engaged with a respective output gear and output 

85 shaft. 

8. A viscous shear clutch as claimed in Claim 4 
as dependent upon Claim 3 wherein the Input 
shaft is coaxially attached to both input pluralities 
via their outer edges and the two output 

90 pluralities are centrally mounted upon two 
respective separately rotatable coaxial shafts 
each attached to opposing bevels of a differential 
gear adapted to drive the output shaft. 

9. A viscous shear clutch as claimed In any of 
95 Claims 1 to 3 wherein the two input pluralities are 

arranged to be contra- rotated by the input shaft 
and the output shaft is arranged to be rotated 
conjointly by the two output pluralities. 

1 0. A viscous shear clutch as claimed in Claim 
1 0O 9 as dependent upon Claim 2, wherein the two 

input pluralities each carry a gear ring, which two 
gear rings are oppositely engaged via idler gears, 
. the input shaft being coaxially attached to one 
only of the input pluralities, and the output shaft 
1 05 being coaxially attached to both output pluralities. 

1 1 . A viscous shear clutch substantially as 
hereinbefore described with reference to the 
accompanying Figure 1. 

1 2. A viscous 3hear clutch substantially as 
1 10 hereinbefore described with reference to the 

accompanying Figure 2. 

1 3. A viscous shear clutch substantially as 
.hereinbefore described with reference to the 
accompanying Figure 3. 

115 1 4. A viscous shear clutch substantially as 
hereinbefore described with reference to the 
accompanying Figure 4. 

1 5. A viscous shear clutch substantially as 
h9reinbefor9 described with reference to the 
120 accompanying Figure 5. 

i 6. A viscous shear clutch substantially as 
hereinbefore described with reference to the 
accompanying Figure 6. 
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